Abstract. In this paper we present Cafe (Composite Application Framework) an approach to describe configurable composite serviceoriented applications and to automatically provision them across different providers. Cafe enables independent software vendors to describe their composite service-oriented applications and the components that are used to assemble them. Components can be internal to the application or external and can be deployed in any of the delivery models present in the cloud. The components are annotated with requirements for the infrastructure they later need to be run on. Providers on the other hand advertise their infrastructure services by describing them as infrastructure capabilities. The separation of software vendors and providers enables end users and providers to follow a best-of-breed strategy by combining arbitrary applications with arbitrary providers. We show how such applications can be automatically provisioned and present an architecture and a prototype that implements the concepts.
Introduction
Driven by the need to outsource (part of) their IT-infrastructure, companies have shifted considerable amounts of their IT from their own premises to external companies. Therefore new delivery models for software have been emerging that allow the outsourcing of different aspects of an application. The software as a service (SaaS) model is a prominent example of such an outsourcing model. Other delivery models such as Infrastructure as a Service (IaaS) and Platform as a Service (PaaS) aim at providing (parts of) the necessary infrastructure and platform support to easily built and host applications at a provider.
The advent of these delivery models and new architectural styles such as service-oriented architecture (SOA) and emerging technologies such as Web services, virtualization and the abundance of fast internet connections has lead to new ways to deliver software. Service-oriented applications can now be assembled out of services that are running in one's own infrastructure as well as at third parties and can be offered "as a service" to multiple customers. However, current approaches for modeling service-based applications often neglect the aspects concerning the modeling of requirements of an application on the runtime infrastructure or modeling of the runtime infrastructure itself. This is due to the fact that traditionally, applications are often developed with certain knowledge about the runtime infrastructure on which they are later deployed. In the new delivery models, the runtime infrastructure is (partially) outsourced to "the cloud" and the application must be automatically deployed at one or several providers. Therefore applications must be developed independently of the provider infrastructure they are later run on. This enables their automated provisioning at and across different providers. In this paper we introduce Cafe (composite application framework) a model and provisioning infrastructure to describe and provision composite, service-oriented applications and their required infrastructure. We start the paper with a motivating scenario in Section 2. In Section 3 we then briefly recapitulate how customizable composite applications and their requirements for the infrastructure can be modeled using so-called component and deployment graphs as well as variability descriptors. We show how different delivery models can be integrated for different components. We then show in Section 4 how the model can be used to automatically provision applications across different providers. We finish the paper by comparing our approach to related work and by giving hints for future work.
Periodic Inspection Reminder Scenario
In Germany, passenger cars must be safety-inspected every two years. As customers often forget that an inspection is required, the car dealer "Perfect Cars" wants to offer a new service to its customers, which reminds them via a SMS message or E-Mail when an inspection is required.
The inspection reminder software from "Perfect Software" (cf. Figure 1 ) provides a Web interface to the car dealer for triggering inspection reminders. Customer data is stored in a customer relationship management system (CRM service) that is accessed by the application. The CRM service can either be the one internal to the application or the Salesforce 1 Web service. In case the Salesforce Web service is used, a Salesforce wrapper component is to access the Salesforce API. Another component of the application is an E-Mail service that sends inspection reminders, this internal E-Mail service can be substituted for an external SMS service. The CRM service and SMS/E-Mail services are orchestrated by a BPEL workflow that implements the core application logic (reminder workflow in Figure 1 ). "Perfect hosting" is an application hosting company that offers the inspection reminder application they bought from "Perfect Software" to customers "as a service". New tenants (such as "Perfect Cars") can subscribe to the application via the application portal of perfect hosting.
